The effects of electronic structure and conformation of the molecules YC6H4CHOCH2 1 1 (Y = o, m, and p-Cl) and Y'C6H4CHCCl2CH2 (Y' = o, and m-Cl) have been studied in benzene between 10.0 and 70.0 °C. In the oxirane systems the conjugation between the two rings is very small, if present at all; consequently, in the absence of steric and/or electrostatic hindrance internal rotation is observed. In the cyclopropane systems examined these steric effects are sufficiently important to completely immobilise the molecular structure.
Introduction
The problem of a-n conjugation between triatomic rings and adjacent unsaturated systems is still a matter for debate and there has been much work on it, both experimental and theoretical , which is not always in agreement. To further clarify the problem, we have extended our previous study [30] [31] [32] by means of the temperature variation of the dipole moments, of C.T. complexes with IC1 as acceptor [36] , together with mass spectra [37] and dielectric dispersion in apolar solvents [38] .
In this paper we report results obtained using electric dipole moment measurements at varying temperatures. The molecules investigated are 2: X -O, R2 -Cl, Ri = R3 = H; 3: X -O, R3 -Cl, Ri = R2 = H; 4: X -CC12, Ri = Cl, R2 -R3 = H; 5: X = CCI2, R2 -Cl, Ri = R3 -H.
Experimental
Materials. All compounds were prepared by literature methods [39] and were purified immediately before use; analyses are given in Table I . The benzene used for physical measurements was partly frozen, distilled and then dried over sodium.
Physical measurements. Electric dipole moments were determined in benzene in the range 10.0 to * Reprint requests to Prof. Dr. S. Sorriso.
0340-5087/79/0900-1298/$ 01.00/0 [40] , using least-squares methods. The atomic polarisation was assumed to be zero. Observed moments are accurate to i 0.02 D.
Results Table II lists the observed dipole moments, together with the parameters used to calculate them. The theoretical dipole moments were calculated using the following assumptions for obtaining group and bond moments.
A value of 0.5 D is reported in the literature for the dipole moment of phenylcyclopropane [lb, [41] [42] [43] , with its negative end in the phenyl ring [41] . This value may be considered a maximum estimate; it was calculated on the assumption that atomic MCcycl.-Cl).
The following bond angles were assumed: Styrene oxides. The angle between the C-Ar bond and the plane of the triatomic ring is 50° and that between the projection of the C-Ar bond on the plane of the triatomic ring and (C-C)cyci. bond is 24°, as found from dipole moment measurements in solution [31] .
1,1-Dichlorophenylcyclopropane. The angle between the cyclopropane ring plane and the C cy ci.-Cl bond was assumed to be 56° [45] , and the corresponding angle with the CPhenyi-CCyci. bond to be 51.5° [46] .
The rotation angle of the phenyl is denoted 0. When 0 = 0, this corresponds to the perpendicular position (see Fig. la) and rotation of the phenyl always occurs clockwise, looking from the phenyl towards the triatomic ring. 
Discussion
Analysis of the experimental results will be discussed under two headings: a) oxiranes, b) phenylcyclopropanes.
a) Oxiranes
The observed moment for p-chlorostyrene oxide (3) remains constant with change in temperature (see Table II ), within the limits of experimental errors. This is as expected, because the molecule does not change polarity when the phenyl group rotates and is an indicator that the experimental measurements are reliable. It therefore allows us to compare the behaviour of the moments observed for the other compounds with change in temperature.
From the same Table II , it is seen that only for the orJÄo-derivative (1) is there a regular variation with change in temperature of the observed moment (ca. 0.1 D, from 10 to 70.0 °C). From the conformation point of view, this result may be correlated with the two different molecular situations: (i) an equilibrium between two rotamers in which the relative amount of the polar one increases with increase in temperature; (ii) the presence of a single conformer with restricted internal rotation. There is no way of choosing between these alternatives. However, recalling the steric and electrostatic effect of the substituent ortho to the phenyl, an equilibrium between two rotamers, i.e. (i), seems the less likely.
Whatever the actual situation of the phenyl group, it is interesting that the evidence points to there being some mobility about the bond between the two rings. This allows us to exclude the presence of appreciable o-n electron delocalisation between the rings.
The dipole moment data available in the literature for some oxiranes and similar molecules are in agreement with these results: (compound, observed moment in D); propylene oxide, 1. Finally, the fact that the moment found for the ?neto-derivative (2) remains constant with change in temperature indicates that one of three possible situations arises: (i) free internal rotation or rapid interconversion; (ii) two fixed structures (of the bisected type) [30] are present, in equal amounts (see Fig. lb) ; (iii) a single, fixed, structure is present. We prefer the first of these alternatives for several reasons. Firstly, the results obtained for the or^Äo-derivative show that internal rotation is pos-sible. Secondly, as shown previously [31] , the theoretical moments calculated for free rotation of the phenyl are in good agreement with the observed values. Finally, in the IR spectrum only a single form was detected [32] . Further support for this choice is provided by the fact that in styrene oxide there is no significant change in the vibration frequencies of the heterocycle when different substituents are introduced in the phenyl ring and the calculated rotation energy is rather low (13.2 kJ mol-1 ) [30] .
b) Phenylcyclopropanes
Differently from the case for the oxiranes, all the l,l-dichloro-2-phenylcyclopropane derivatives showed no changes in dipole moment with change in temperature (see Table II ). This is, of course, a consequence of the high steric and electrostatic effects exerted by the chlorine of the triatomic ring on the atom ortho to the phenyl group (i.e. H or Cl) rather than to stabilisation caused by conjugation between the two rings. It is precisely because of this interactions, which differs for a chlorine atom ortho to the phenyl than for one which is meta, that the molecular conformation of or£Ao-chlorophenyldichlorocyclopropane (4) should differ from that of meto-chlorophenyldichlorocyclopropane (5).
Turning to the geometry of the phenyl group in the ortho derivative (4), we see that the observed moment is compatible with both a single form, having 0 = 230 or 257°, and the presence of both of these forms. The form 0 = 230° seems the more attractive alternative, given the steric and electrostatic effects which would be present in the 0 = 257° form.
For the meta derivative (5), a dipole moment independent of the temperature is compatible with several different molecular situations, i.e. (i) completely free internal rotation of the phenyl; (ii) one (or two) fixed structure(s). From the molecular diagrams derived from van der Waals atomic radii and the results of theoretical calculations [30] (the energe barrier to rotation of the phenyl is 61.9 kJmol -1 ) we can exclude free rotation as an alternative. The fixed structure(s) present may have an angle = 150° or 330°. It is curious that only for these angles it is possible to suggest the presence of one, or two, conformer(s) in a given ratio. Given that interaction of the phenyl group with the triatomic ring occurs essentially through the two ortho hydrogens, it seems reasonable to assume that these two rotamers (which differ only in the position of the chlorine atom) are equally favoured. The 0 = 150° and 330° correspond to that found theoretically (150°) [30] and are close to that found from measurements of the Kerr constant (170°) [26] .
